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Watertown Arsenal Leboratory
Report Number WAL 640/157 15 Februayy 1945
Problem Number D=13,3

WELDING OF ARMOR

Summary of Ballistic Shock Test Results for
1/2, 3/8, 5/16 and 1/4 Inch Homogeneous Armor "E" Plates
Welded with Austenitic Electrodes and Tested at
Aberdeen Proving Ground during the Pericd of
1 April 1943 through 31 March 194l

OBJECT

3 To tabulate firing record date for subject plates and to present a
' comparison of ballistic shecck performance of plates made with various
meterials and welding procedures.

SUMARY

, le Dute from Aberdeen Proving Ground firing records for 309 welded
! armor "H" plates have been tabulated on the accompanying cherts and tabless

2. With the exception of an experimental .45% C, «90% Mn armor plate
| which showed excessive plate cracking, no correlation is evident betwesn
g chemicel composition of the armor plate and ballistic performance. Steel
3 quality (cleanliness and directional properties) appears to affect the
amount of both plrnte and weld cracking.

E 3¢ Yo single Jo.int design or welding procedure variable was indicated
1 as affecting the ballistic cracking significently,

—
! ) Y

~ P - )
:"._-’fét‘!?‘f{.c‘y SN PR S e i S S SR 2
C. L. Yorcross
Asst, Phy. sCiu AidG

A 4 Frwe
S. As Herres
lst Lt.’ Ord. D(Iptp

‘ APPROVED:
b /. '
a7 {L{ 77z P DECLASSIF1ED T %
% o mes ( DOD DIiR 6200.9 o _..;.
{ Lts Cols, Ord. Dupt. DISTRIBUTION STATEMENT A_ |

bcting Director sf Laboratory :
Approved for public release|

Distribution Unlimited

eursssm  [INCLASSIFIED




INTRODUCTION

This is the ninth of a series of reports presenting tebulations of
ballistic shock test results and velding procedurc variabdles fbr "H" plates
welded by commercial febricators. A previous report (WAL 640/90) dealt
with "H" plates of 1/2, 3/8, and 1/4 inch thicknees which were welded with
nustenitic electrodes and tested at Aberdeen Proving Ground during the
period of 1 October 1942 through 31 March 1943. The present tabulation
includes all firing records received by this arsenal for "H" plates of 1/2,
3/8, 5/16, and 1/4 inch thick rolled homogeneous armor which were welded
with austenitic electrodes end tested at Aberdeen Proving Ground between
1 April 1943 and 1 April 194k,

Deta from 309 firing records (161 - 1/2", 67 - 3/8", 9 - 5/16", and
72 - l/h") aro tabulrted in the charts of Appendix A. An index of fabricators,
armor manuf~rcturers, and electrode manufacturers is given in Table I. A
sumery of current ballistic shock test snecification requirements and a key
tvo tabulrtion methods snd symbols used in this report are included in
Appendix A.

GENTRAL COMMENTS

For the purpose of this report all cracking in weld or plate metal within
1/8 inch of the edge of weld is included as weld cracking and the remainder
as plate crackings Tnble II shows the average plate nnd weld cracking in
termg of vorintions in the conditions of ballistic testing, but the results
do not provide a basis for correction or allowances for variation in number
or velocity of impects on rny onc tost plate. If the distance from the
center of impact to the center of weld is greater than 1-3/“ inches for
tests mnde with the 37 nn. H.E. projectile, the irpact is not considered as
o falr test of the welds

However a considerable emcunt of cracking wns crused by unfair rounds,
and therefore all rounds rre included in cnlculating nverage wold and plate
cracking, but the nunber of rounds outside specification limits for velocity
and location are listed and may be taken into consideration in comparing
effects of armor and welding variables,

There follows a sumnary discussion based on commerisons of average
crncking per round for all plates in this tabulation in terns of welding
fabricator, arnor nmanufacturer and processing, electrocde, Joint design,
welding procedure, ond rodiographic soundness data.

Fabricators = Table III

The perfornmance of "E" plates welded by any one fabricator is dependent
upon arnor and electrodes used as well as welding procedure and inspection
controle

Armor Date - Table IV

Both nrchineable honogeneous and hard honogeneous rre included in this
tadle bocause the two types overlap and a number of plates could qualify as

.




either type. With the exception of aa experimental 45% C, ,90% Mn armor
plate which showed excessive plate metal cracking, no correlation is evident
between chemical composition of the armor plate and ballistic perfermance.

A high ratio of plate to weld cracking is indicative of poor steel quality

: (cleanliness and directlonal properties). Previous tabulations have shown

3 that poor steel quality armor nlate consistently causes exccssive weld
cracking. Both plate end weld cracking would be expected te increase wi*h
hardness of armor plate unless there has teen a commensurate improvement

in steel quality.

bt ey

Electrode Date — Table V

These data do not justify any definite conclusions. It is prodable
thet any changes in chemical composition of the weld deposits within the
limits shown in these tables do not influence ballistic cracking provided
a crack free weld is made with the electrode.

T R T
SR
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Joint Design = Table VI

For 1/2 inch thick armor: T4 rlates were tested with U5° included
angle single V, 14 plates writh 60° included engle double V, and 60 pletes
with 60° included double V joint preparation. Therc was no significant
! difference in the amount of ballistic cracking in these threce groups.
Similarly, there is no definitc superiority for single or double V joints
with 60° included sngles for either 3/8 or 1/U4 inch thick armor. The
perfornence of 3/8 irch thick pletes with Us° incinded angle single V
joint preparation was inferior to those with 60° included angle, cither
' single or Jouble V joint preperntion. It appears that joint prepmaration
either does not have a large effect on bdallistic sihock performance, or
that its effect is masked bdr the effcct of other varindbles. Bpllistic
cracking averagos do not irdicete any influence of width of root gap or
method of backup.

Veldirg Procedure - Table VII

The majority of the 1/2 inch thick plates rere welded with Uors
passes, 3/8 inch thick plates with 3 or 4, and 5/16 and 1/+ inch thick
plotes entirely with 2 pasres. Veriations in number of passes for cither
the single or the doudle V joint preparations de not correlate with any
definite trends in ballistic nerformance. "o consistent cffects of
varintions in ordcr or tecehnique of deposition, single or multiple beads in
crow:, or utilization o number of scal bends nrc cvident. It is prebrble
thvt the geometry of the completed weld Joint docs influence dallistic
performance, but the firing record data are inndeoquate to classify the
Jjoiat guometry.

Freheat tompercturcs of 150° - €10°F were cmployed for fourteen
1/2 inch thick pletes. Yo improvement in avernge weld cracking is shown
for the preheatcd plates.

: Onc 3/8 inch thick plate was welded with a single unionmelt pass (chrart
A, Yo. 106, Appondix A). Tho plate failed rrdiographics inspection and
' developed cxecessive plate metal cracking.

Rediographic Data - Table VIII

Radiographic unsoundners was associzted with increesed weld cracking
for 1/2, /8, and 1/% inch thick plates. All 5/16 inch rlrtes paseed
rndisgraphic inspection.
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TABLE 1

Index to Plates

Hand Welded }/2 Inch Thick Rolled Armor "H" Plates

Chart Noe of
oy Plates Fabricator Armor Mfgr, Electrode Mf
1 2 Amarican Locomotive  Youngstown Harnischfeger
2 1 dmes Baldwin You.gstown Crucible
Wyoming Cormany Great Lakes
3=15 33 Buick Motor Republie A1loy Rods
Gre~t Lakes Harnischfeger
Jones & Laughlin
Youngstown
16 2 Buick Youngstown Great Lakes Crucidle
Youngstown
17-24 17 Cadillac Great Lakes McKay
Harnischfeger
2526 3 Chicago Vitreous Jones & Lauzhlin:  Crucible
Zaamel Prod. Coa  Youngstown
27 1 Federnl linchine Repudblie Hernischfeger
28 2 Figher Tank Jones & Lauzhlin MeKay
Division Great Lakes
29-31 9 Flagher Body Jones & Laughlin Harnischfeger
Lansing Div,
32m33 4 Fitzsibdbons Jones & Laughlin Harnischfeger
Boiler Corpany C-rnegie~Illinois Lincoln Electrie
Gront Lokes
Youngstown
34=35 2 Florenecc Stove Great Lakes Crucidle
Jones % Laughlin
36~-46 30 Ford Motor Company Ford Motor Company Crueidle
Arcos
Reid Avery
Page
Metal & Therrit
47-4g 6 Goneral A-crican Carnegie~Illincis  Hc¥ay
Transportntion Corp. Crucidle
g 1 Gereral Spring Great Lakes Crueidlo
Burper Division Jones & Laughlin
50~51 2 Gerity-idrian Great Lakes Crucible
Jones & Lavghlin
52 1 Gordon }fgz, Jones & Laughlin Crucible
53 1 Eolland Furnace Youngstown Cruecidle
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TABLE I (Conttd)

Chart Noas of
Ve, Plates Fabricator Armor Mfgr, Electrode Mfer,
5ke0 16 Ilco Ordnance Republic Harnischfeger
Great Lakes Alloy Rods
Carnegie~Illinois A, O. Smith
Ingersoll Steel
61 1 Ingram Jones & Laughlin Crucible
Richardson Great Lakes
62 1 ¥, B. Jarvis Great Lakes Crucible
Jones & Laughlin
6304 2 Ealamazoo Youngstown Crucidle
Great Laker
65=70 5 Mormon=Herrington Ingersoll McKay
Great Lakes
71 1 Midlend Bteel Jones & Laughlin Crucible
712 1 McInerney Spring Jones & Laughlin Crucible
& Wiro Company Great Lokes
Ternstedt Jones & Laughlin Alloy Rods
McKny
Hollup
Page

Hnnd

Welded 3/8 Inch Thick Rolled "E" Plates

Buick Motor Div.

Crdillne

Chovrolot

Deere & C-ipany

Ford Motor Co.

Remudlic

Great Lakeos

£, C. Atkins
Chevrolet Forge

Youngstown
Jones & Laurshlin

Ford Motor Cos

Harnischfeger
Crucibdle

Reid=Avery

McKey

Lincoln Electric
Crucidle

Crucidle

Arccs

Lincoln Electric
A, O, Smith

ATCOS

Crucidle
Lincoln Electric
Metal & Thermit
Alloy ERods
Harnischfeger
McKay

Roid-Avery

Pace




TABLE I (Cont's)

Chart Noe of

No, Plntes Fabricator Armor Mfer, Electrode Mfer,

104 1 International E, C, Atkins Crucidle
Harvester

105 1 Standard Steel Ford Motor Coe Crucible

Spring Company

Unionmelt

106 1 Ford Motor Coe Ford Motor Coe Crucible

Hand Welded 5/16 Inch Thick Rolled "H" Plates

107=109 9 Buick Motor Dive Jones & Laughlin Harniscnfsgar
Great Lekes

Hand Welded 1/4 Inch Thick Rollei "H" Plates

110=116 20 Buicl Motor Dive Jones & Laughlin Harnicchfeger
Great Lakes Alloy Rods
Ropublic Steel Corp.

117=121 12 Crevrolet iotor Chovrolet Torge Harnischfeger
Company Crucidle
1 2
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APPENDIX A

Key to tabulation method and symbols.

Specification requirements for H plates
walded with austenitic elsctrodes.

Tabwlatlon of firing record data for
gubject H plates.
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XEY TO TABULATION METHOD AND SYMBOLS
e EREEI e e

1. Identification of Test

Information in the first column identifies the teste
2+ Armor Deta

] A, Plate Thicknesses

A Platesin this tabulation are of 1 inch and 3/Y4 inch thick
A homogeneous Armore

B, Type Armor

! Armor compositions are typed es follows:

Typicel Analyses

R (Rolled)
i Type c Mn St _Cr Mo N1 Zr
u 1 Mn~N4i-~Cr-Mo «26 1.15 «20 .60 020 1,00
' II  Mn=Cr-Mo o2l 1.30 e25 «55 L2
b | III  Mp-Mo .25 1,60 .22 —~ 37
= IV Mp~Cr-Mo—-Si .27 .86 .79 .62 oy +09
1 v Special (noted in tabulntion)
A C (Castz
I  MpeNi~Cr=Mo e32 80 . as .55 40 5
I1 Mn—Cr-Mo .28 1055 . 5 o0 012
II1 Mn-Mo «30 1,58 40 == «30
IV Specinl (noted in tnbulation)

C. Carbon Content

Carbon content is listed as given,

D. 3Brinell Enrdnees Number (BHN)

1 Tre Brinell hardness numbers on both the front and bagk of nlate
B are tadbulrted,

] *} E. Process

This refers to the melting practice and is given ~s baslc open
hearth (B,0.H.), ~ci1d open hearth (AK.0.H.), basic electric (B. Elec.), and
acld electric (A, Elecs)s

. I ¥, Eeat Treatment

The temperature, timo of hold, and type of quench rnd draw rre
given in the firing record.
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3. Electrode Data
These data are listed as given in each firing record.
é A, Type
| ' Since alloys are sometimes added in the coating, electrodes are
typed according to the chemical analysis of the weld metal when given,
| The types are as followa:
A (Austenitic)
I  Mn-Mo Modified 18/8 (Cr-Ni-Fe alloy)
Yeld Analysis — at least 1% !n and .3% Mo,
II  Mn Modified 18/8 (Cr-Ni-Fe alloy)
Weld Analysis - at least 1% !n and less than +3% Mo,
E III Mo Modified 18/8 (Cr-li-Fe alloy)
3 Weld Analysis - at least .3% Mo and less than 1% Mn,
: B, Current and Polarity
E
! These are to be tabulated as DC straight (str.), DC reversed (rev.)
i or AC,
! 4. Joint Design
£ A, Oroove, etc.

This item notes the type of groove - single veo (SV) vevel or
double vee (DV) bevel - the included angle, and the width of the root
face (RF).

! Bo Reot GEE

Thie is the distance in inches tetween the pletes as set up for
Weldingo

C. Plpte Preparation

This indicates whother the nlate edgrs to te welded together were
flanme cut, ground, machined, buttered, etc.

S5« Welding Precedure

A, Backing

Backins if used, i.0, back-up bar, chill, filler, and snacer
strip is noted,




Be Deposition

Mgeure {1 shows how the weld is broken up into root, body, ~nd
crown typeee The size electrode is noted with the number of passes, type
of* passes, And the current and voltage. Passes are divided into two kinds:
(a) layer, if the pass bridges the gnp; snd (b) bend, if the pass does not
bridge the gap. SB designates seal bead,

Co Toted Welding Time and Ipterpass Temperature

These are listed as given.
D, Remarks
Any comments on chipping, grinding, or other specinl techniques
used, not noted rbove but which might affect ballistic properties of weldod
armor plate, rre noted under "remerks'.
60 Hoat

Prehent and posthent of weldment are tabulateds

7o Ballictic Results

The type projectilec used in testing is noted for ench plrte. EHits,
velocity, and locotion of ench, crrcking nnd remerks on crecking, are
recorded. Symbols used ~rec as follows:

H, = impact number
F/S = fecot ner second
L.L. = left leg

R.Le = rizht leg

CeBe = cross dbar

L0C. - 1location

Re =~ rigzht of

Lo = 1left of

X - on weld

U - nbove

D - Dbelow

IMP ~ running frem or through impact

0 = not runrning from or through irpact

Types of cracking:
I = Ueld (4ncludirg weld, fuslon zong, and hont-affected zone
cracking within 1/8 inch from weld)
IV - Star plate cracking
v = Linear vlate cracking
Cracking ic memsured on the back of tho plate.
8. The remarks on crreking rnd results of radiogcraphic exanination are

recorded in the last column, P signifies the weided plrte passced rrdio-
graphic inspection, rnd F that it failed.
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SPECIFICATION REQUIREMENTS FOR "H" PLATES
WELDZD WITH AUSTENITIC ELECTRODES

From 3 May 1944, to the present, the following requirements have been
in effect (as abstracted from Specification AXS-U97, Rov. 5, 15 December 19u3),

"F-3, 3Baellistic tests. Test plates requircd by paragraph F-2a(1)e
shall be supported solidly on emch of the two sides parallel to the longest
welds and with theso welds uprighte The plate shall be tested for compliance
with the requirements of Table II,

TABLE II
. Striking Allowable
Thickness of  Type of velocity f/s, weld crack=
shock test homogenecous plus or ninus ing, inches,
piate, inches armor Projrctile 25 f/s naximun
1-41/2 rolled 75 mm. T21 1200 15
1-1/2 cast & 1050 10
1 rolled n 725 17
1 cast 57 mm, T1 975 6
3/u rollecd " 200 12
1/2 rolled 37 nme 5.2, M54 2525 12
3/8 rolled 2 2025 15
1/ rolled 2 1625 12

A#-3a, Cricks in the ~rror parallel to the weld and within 1/8 inch
of the edge of the wold shell be censidered in the totel weld crackinge

"F~3b. &1l immnct velocities specified for cast honogeneous nrmor nre
subjoct to variation dependirg on the nctunl armor thickness. This variation
shall be based on the volocitics specified for tostins prinery armor and
rosults in velocity of 6 f/s for each incressec of 0,01 irch 1n armor thickness,

"F=3c. Cracking of the plnte outside r circle of € inches radius, the
centor of which is the conter of immect, or plrto cracks greater than 6 inches
in longth not prssing throuch the point of irmnret shell be consldered ceusc
for reperting "no tost", Other tymes of nrror cricking which indicate that
tho test of the wolding nroccdure 1s insuffieient mny nlso be cause for
reporting "no test"., The phraro "no test" is Acfined as that condition
existing when tho results of the ballistic teet ~ro such thrt it is drmpossitle
to arrive st n Accision as to the recermtatility of tho welding nrocedure,

"F-34. The im~ct of the 75 nn. nroof »rojectile T21 or the 57 m.
proof projectilo T1 shall touch the cedge nf the el to Lo considorod as
conforming to the requirements of the test.

"F-3e. Tho impnct of the 37 mm. H,E, projectilo M54 shall be within
1-3/4 inches of the weld ns neasured frerm the center ef the impact to the
conter of the wold to te conciderod as conforninge to tho requirements of
the tos ts
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"F-3f, Impacts, the cdges of which are more than 2 inches from the
edge of the crossbar weld, which cause ecracking in the crossbar g¢ither on
the front er back of the plnte, which is not an extension of crasking a
leg weld, shall be cause for rejection of the welding procedures

“Fh3g. Any inconsistency in the quality of the welding procedure
revealced by imprct on o bollistic test plate may be considered cause for
reporting "no test" at the discretion of the proof officer,

"P-3h, Any length of weld crncking revenlcd as a result of an imperct
outside the mceeptable linits for imprets shnll be cause for rejection of
the welding procedurec,

"Fe3i, Impncts less than 6 inches fron the top or bottom edge of the
plato, which cause excessive woid cracking, shall hc considered as not
conforning to the requirencats of the test. If, howevor, the cracking is
not excessive and the rcouirenents referred to in narasraph F-3d are net,
the impact will be considered ~cceptables

"F-33, Thicknesscs not covered by Table II shall be tested es Airected
by the Chicef of Ordnnnce.
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